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Abstract. The present study was performed to investigate the chemical composition and antibacterial 
activity of essential oils (EOs) from aromatic plants. Three EOs from clove, white thyme and oregano 
were evaluated against four pathogen bacterial strains (Staphyloccocus aureus, Escherichia coli, 
Salmonella enteritidis, Bacillus cereus) using agar dilution method, in order to obtain the minimum 
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). 
The Lamiaceae family EOs (white thyme and oregano) presented as main active compounds 
thymol (32,63% / 12,07%) and carvacrol (12,87% / 60,77%) but also p-cymen (25,44% / 14,85%), 
linalool (4,65% / 2,02%) and other chemical compound but in small amounts. The GC-MS analysis of 
clove oil identified seven chemical constituents, of these eugenol (53,94%) and isoeugenol (27,51%) 
were the major compounds.  
These essential oils showed an obvious antibacterial activity against the tested strains with an 
MIC and MBC in the ranges of 200–600 ppm and 400–1000 ppm, respectively. The most active 
essential oil was oregano oil with a MIC of 400 ppm for E. coli and 200 ppm for the rest of bacterial 
strains. Clove oil were less efective against tested bacteria and presented a MIC of 600 ppm for all the 
strains and a MBC between 800 – 1000 ppm.  
The result obtained permitted us to make a antibacterial profile of these essential oils, based 
on the chemical composition and the susceptibility of bacterial structure. In conclusion, these essential 
oils can be a good source of natural antibacterial agents.  
Keywords: antibacterial activity, essential oils, minimum inhibitory concentration, minimum 




Nowadays is an increasing interest for alternative and efficient compounds for food 
preservation, having the goal to replace antimicrobial chemical additives. Premises for this 
interest started from the specific aspects, related to consumer choice and E.U. legislation 
about reduction of chemical additives used to increase shelf life of food products. Various 
microorganisms cause food spoilage and thus constitute the most important cause of concern 
to the food industry. Many different chemical and synthetic compounds have been used as 
antimicrobial to inhibit bacterial growth in food products but the recently demand for 
naturally derived compounds make the food industry to evaluate other forms of food 
preservation.  
 Essential oils of aromatic and medicinal plants present a great potential of 
application as natural antimicrobial agents. Essential oils are mixtures of natural volatile 
compounds deriving from plant secondary metabolism, mainly monoterpenes, sesquiterpenes, 
and their oxygenated derivatives (alcohols, aldehydes, esters, ethers, ketones, phenols and 
oxides). They can be obtained by expression, fermentation or extraction but the method of 
steam distilation is most commonly used for commercial production. Essential oils have been 
shown to possess antibacterial, antifungal, antiviral, insecticidal and antioxidant proprieties. 
(Burt S, 2004; Kordali S., 2005). The biological activity of essential oils depends on their 
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chemical composition, which is determined by genotype and influenced by environmental and 
agronomic conditions (Burt, S., 2004). 
Generally, the oil composition is a balance of various compounds, although in many 
species one constituent may prevail over all others. Each of the individual chemical 
compounds that can be found in oil contributes to the overall character (Cowan, M., 1999).  
The objective of this work was to identify the chemical composition and to assess in 
vitro the antimicrobial activity of five essential oils against by determine the concentration at 
which a diverse range of food-borne and spoilage Gram-positive and Gram-negative standard 
microorganism strains are sensitive. The results are important for characterize the essential 
oils based on their chemical profile and antibacterial activity in order to used them as an 
natural antimicrobial agent in active packaging of different food products. 
 
MATERIALS AND METHODS 
 
Maintenance and preparations of bacterial cultures 
Culture of reference strains of Gram negative bacteria (Salmonella enteritidis ATCC 
13076, Escherichia coli ATCC 25922) and Gram positive bacteria (Bacillus cereus ATCC 
11778, Staphylococcus aureus ATCC 25923) purchased from MicroBioLogics, SUA, source 
American Type Culture Collection, were maintained on Plate Count Agar (Biokar 
Diagnostics, France) slants at 40C. Bacteria inoculums were prepared by 24 h culture in TSB 
Broth (Biokar Diagnostics, France) at 370C. In order to obtain work concentrations of 106 
ufc/ml decimal dilutions were made in sterile PS from the fresh bacterial inoculums. 
Essential oils 
Within this research were used three high purity essential oils, white thyme oil 
(Thymus vulgaris), oregano oil (Thymus capitatus) and clove bud oil (Eugenia caryophyllata) 
obtained by steam distilation, purchased from Sigma Aldrich, Germany.  
Essential oils quality parameters (appearance, color, purity, odor, density at -200C 
and refraction index at -200C) were described in an accompanying technical report.  
MIC and MBC evaluation by agar dilution method 
The minimum inhibitory concentrations (MICs) and minimum bactericidal 
concentrations (MBCs) of essential oils were determined against the test strains by the agar 
dilution method adapted from the method elaborated by the CLSI (Clinical and Laboratory 
Standards Institute) with the fallowing modification: a final concentration of 10% DMSO 
(Dimethylsulfoxide, Sigma Aldrich, Germany) was incorporated into the agar medium to 
enhance oil solubility. Briefly, different dilutions of each essential oil were made in melted 
PCA medium with 10% DMSO depending on their density, obtaining seven concentrations 
from 100 ppm to 15000 ppm (mg/L). Work concentrations of essential oils obtained in agar 
dilution were placed in sterile Petri dishes (approx. 15 ml) and left to dry at room temperature 
for 30 minutes prior to spot inoculation with 10 µl impregnated filter disks (6 mm in 
diameter) of each bacterial culture of 106 ufc/ml.  
Inoculated plates were incubated at 370C for 24 h and the MIC was determined. MIC 
is defined as the lowest concentration of oil inhibiting the visible growth of each bacterial 
strain on the agar plate (Sara Burt). Inhibition of bacterial growth in each prepared plate was 
evaluated by comparison with control plates containing PCA medium with 10% DMSO but 
no oil. Also, positive control plates with only PCA medium and bacterial inoculums were 
used to evaluate bacterial viability. 
Minimum bactericidal/bacteriostatic concentration was determined by transferring 
impregnated disks coming from Petri dish were the bacterial growth inhibition by essential 
oils was total during incubation period, on a PCA medium without essential oil. The effect 
 257
was bacteriostatic if the resumption of bacterial growth occurred and bactericidal in the 
contrary case.  
Gas chromatography mass spectrometry (GC/MS) testing of essential oils 
The essential oils were analysed using an AGILENT GC- 6890 equiped with a MS 
system MS – 5973), 7673 autosampler and a capillary column HP-5MS (lenght 30 m, 
diameter 0.25 mm and film thickness 0.25µm) and a flame ionization detector which was 
operated in EI mode at 70 eV. The injector and detector temperature were kept at 2500C  and 
2800C respectivelly. Helium was employed as a carrier gas at a flow rate of 1.0 ml/min and a 
nominal pressure of  7.64 psi. The oven temperature programmed was 50 – 2800C at a rate of 
40C/min. 3.0 µl of essential oil in chlorophorm was injected in the capillary column using a 10 
µl volume syringe. Identification of the main components of essential oils was carried out 
using NIST spectra bank and Kovats indexes. 
 
RESULTS AND DISCUSSIONS 
 
The MIC and bactericidal concentration values for tested essential oils are presented 
in tabel no. 1. Bacterial growth inhibition was influenced by the essential oils concentration 
and their chemical composition. After the incubation period it was observed that bacterial 
growth was considerably reduced with increasing concentration of essential oils. In the case 
of control plates with culture medium 10% DMSO without essential oils, bacteria inoculum 
had a good growth as in positive culture plates.  The essential oil with the lowest MIC and 
MBC was oregano oil with values that vary from 200 ppm to 400 ppm. The concentration of 
400 ppm inhibited all the test strains, but only E. coli was more sensible presenting growth 
inhibition at 200 ppm.  In the case of MBC, oregano oil inhibited all the bacterial strains at 
400 ppm, the concentration at which no growth accured on normal culture medium. The 
essential oil of thyme presentd a MIC of 400 ppm for all the bacterial strains tested and clove 
bud oil of 600 ppm. However, E. coli, and S. enteritidis were more sensitive than S. aureus 
and B. cereus in the medium containing thyme and clove essential oil. The esential oils of 
oregano and thyme (Lamiaceae family) apperead to be equally effective against both Gram 
positive and Gram negative bacteria at MIC concentration but in the case of MBC 
concentration, essential oils were more active with respect to Gram positive bacteria, exerting 
greated inhibition.  
 
Tab. 1 
 MICs and MBCs data of tested essential oils (ppm) tested by agar dilution medium  
after 24 h of incubation 
 
Clove bud oil White thyme oil Oregano oil Bacterial 
strain MIC MBC MIC MBC MIC MBC 
S. aureus 600 1000 400 600 400 400 
B. cereus 600 1000 400 800 400 400 
E. coli 600 800 400 400 200 400 
S. enteritidis 600 800 400 400 400 400 
 
Clove bud essential oil presented a lower inhibition activity against all the bacterial 
strains tested, and the MIC value for inhibition of bacteria growth was of 600 ppm while in 
case of MBC value, Gram - negative bacteria needed a 800 ppm concentration for total 
inhibition and Gram – positive bacteria of 1000 ppm.  
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The activity of these oils would be expected to relate to the chemical composition 
and their functional groups and possible synergistic interactions between components. A 
corelation of the antimicrobial activity of the essential oils tested and their relative percentage 
composition are related based on table no. 2.  Qualitative and quantitative analysis of tested 
essential oils presented in table no. 2 showed 16 common compounds for oregano and thyme 
oil, representative for Lamiaceae family. In oregano essential oil, 26 compounds were found, 
from which 17 chemical compounds were identified, which represent about 99.16% of the 
total detected constituents. The essential oil contains a complex mixture consisting mainly in 
monoterpene hydrocarbons (19.03%), oxygenated monoterpenes (3.66%), phenolic 
monoterpenoids (72.84%) and sesquiterpene hydrocarbons (3.63%). The major constituents of 




Chemical constituents of essential oils as identified by GC/MS 
Clove bud oil White thyme oil Oregano oil Peak 
no. Constituents (RT*) Area % Constituents (RT) 
Area 
% Constituents (RT) 
Area 
% 
1. Eugenol (31.55) 53.94 α – Pinene (13.82) 2.23 α – Pinene (13.85) 1.31 
2. Isoeugenol (31.67) 27.51 Camphene (14.51) 0,78 Camphene (14.54) 0.29 
3. β – Caryophyllen (33.61) 8.66 β – Pinene (15.85) 0.37 β – Pinene (15.88) 0.20 
4. α – Caryophyllen (34.67) 1.66 β – Mircene (16.60) 0.76 
β – Mircene 
(16.64) 1.02 
5. Eugenil acetate (36.82) 6.62 α – Terpinene (17.75) 0.41 
α – Terpinene 
(17.77) 0.46 
6. Caryophyllen oxide (37.78) 1.59 
p – Cymene 
(18.20) 25.44 
p – Cymene 
(18,20) 14,85 
7. - - Eucaliptol (18.32) 0.78 Eucaliptol (18.33) 0.32 
8. - - γ – Terpinene (19.68) 7.17 
γ – Terpinene 
(19.65) 0.58 
9. - - Terpinolene (20.91) 0.51 Linalool (21.46) 2.02 
10. - - Linalool (21.44) 4.65 Borneol (24.10) 0.54 
11. - - Borneol (24,08) 1.02 Terpinen – 4-ol (24.57) 0.87 
12. - - Terpinen – 4-ol (24.54) 1.01 
α – Terpineol 
(25.30) 0.23 
13. - - α – Terpineol (25.05) 0.30 Tymol (28.92) 12.07 
14. - - Tymol (28.99) 32.63 Carvacrol (29.55) 60.77 
15. - - Carvacrol (29.03) 12.87 β – Caryophyllen (33.51) 1.41 








18. - - Caryophyllen 
oxide (38.71) 0.73 - - 
*RT – Retention time 
 
The chemical compounds with phenolic structure, like carvacrol and tymol and also 
eugenol (found in clove bud essential oil), are highly active against microorganisms (Burt, S., 
2004). Members of this class are known to be eighter bactericidal or bacteriostatic agents, 
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depending of the concentration tested (Dorman, H., 2000). The primary mode of action of 
carvacrol is its ability to position in the membrane where it increase permeability, and affect 
the outer membrane of Gram negative bacteria (LaStoria, 2011). In a research study, E. coli 
cells grown in the presence of sub lethal concentrations of carvacrol produces significant 
inhibition of flagellin synthesis witch caused new cells to be without flagella (Burt S., 2007). 
This findings correlate with the results obtained in this study, in which E. coli was the most 
sensitive bacteria to the action of oregano oil witch presented a 60.77% concentration of 
carvacrol. The carvacrol precursor p-cymene is a monoterpene that has a benzene ring without 
any functional groups on its side chains. p-Cymene has a high affinity for membranes and 
causes membrane expansion and affect the membrane potential of intact cells (Ultee.,2002). 
GC/MS of thyme essential oil identified 16 chemicals as constituents totaling 
93.97%; of these tymol was the major compound (32.63%) was the major compound, 
fallowed by p –cymene (25.44%), carvacrol (12,87%), γ- terpinen (7.17%), linalol (4.65 %), 
α- pinen (2.23%)  andi\ β- cariofilen (2.07%). The chromatograme of thyme oil is presented in 
fugure no. 1. The high concentration of phenolic compounds suggests that tested thyme 
essential oils belongs to tymol chemotype. Thymol is structurally very similar to carvacrol, 
having the hydroxyl group at a different position on the phenolic ring. The primary mode of 
antibacterial action of thymol is not fully known, but is believed to involve outer- and inner 
membrane disruption, and interaction with membrane proteins and intracellular targets. Di 
Pasqua et al. (2010) exposed Salmonella enterica to sub-lethal concentrations of thymol, and 
observed accumulation of misfolded outer membrane proteins and up regulation of genes 
involved in synthesis of outer membrane proteins. 
In vitro studies of carvacrol and thymol, showed that these compounds express their 
antimicrobial activity on a broad spectrum of Gram-negative and Gram-positive bacteria 
(Burt, S., 2004; Ozcan, G., 2003). 
It appears that the difference in antibacterial activities between oregano and thyme 
essential oils are related to the concentration and nature of contents, the functional groups, the 


















Fig.1.  Chemical profile of white thyme esssential oil 
 
The antibacterial activity results of oregano and white thyme essential oils seem to be 
in accordance with researched reports indicating that essential oils rich in phenolic 
Time, min 
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compounds posses high levels of bacterial inhibition (Baydar, H., 2004). Our results indicated 
that oregano and thyme oil were the most efficient essential oils against bacteria growth with 
a MIC of 200 – 400 ppm.  
In clove bud essential oil (family Myrtaceae) 6 compounds were detected and 
identified representing 99.98% of the total oil (table no. 2). The main chemical compounds 
were eugenol (53.94%), isoeugenol (18.57%), β – caryophyllen (8.66%) and eugenil acetate 
(6.62%). The main constituents of clove essential oil are phenylpropanoides such as eugenol 
and isoeugenol, which are produced by plants as defense mechanisms against animals and 
microorganisms and to attract pollinating insects. 
Clove bud oil presented the lowest inhibition for the bacterial strains tested, with a 
MIC value higher than that of oregano and thyme oil. The essential oils composition 
determined in our study showed a relatively similar pattern to those published by Radoias G., 
(2005). Eugenol antimicrobial activity is linked to its ability to permeabilize the cell 
membrane and interact with proteins. In different studies clove oil was found active against 
foodborne Gram - positive bacteria (Staphylococcus aureus, Bacillus cereus, Enterococcus 
faecalis and Listeria monocytogenes) and Gram - negative bacteria (E. coli, Yersinia 




From this study it can be concluded that the tested essential oils are effective against 
a wide spectrum of pathogen bacteria. White thyme essential oil and oregano essential oil had 
a strong antibacterial effect on both Gram – positive and Gram  - negative bacteria, especially 
oregano oil against E. coli development in treated medium. Bacteria growth inhibition could 
be a result of the high quality of carvacrol (60.77%) and p – cymene (14.85%) in oregano oil 
composition. Thyme oil had the same MIC value for all the tested strains but the difference 
became evident at MBC value, at which gram - negative bacteria was more sensitive then 
gram positive bacteria. The inhibitory effect induced on the growth of the test strains could be 
due to the presence of thymol (32.63%), p – cymene (25.44%) and carvacrol (12.87%) in the 
composition of white thyme essential oil.  
Clove bud oil was active against all bacterial strains tested but at a higher 
concentration than oregano and thyme oil. For total inhibition of gram – positive bacteria it 
was needed a 1000 ppm concentration of clove oil and for gram – negative bacteria of 800 
ppm. GC/MS analysis of the oil showed eugenol, eugenol acetate, isoeugenol and 
caryophyllene as the major constituents.  
In conclusion, the antibacterial activity of essential oils is correlated with their 
chemical constituents and their action is determined by combination of main and minor 
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